Study design: Prospective study. Objectives: In a prospective study, 45 consecutive cases of cervical spinal cord injury without radiographic evidence of trauma (SCIWORET) who were treated non-operatively were analyzed to correlate the magnetic resonance image findings with the initial neurological deficit and the extent of neurological recovery at 2 years. Setting: University tertiary-care teaching hospital in South India. Methods: The neurological status of patients who did not have any radiographic or computerized tomographic abnormality at the time of admission was assessed by ASIA Impairment Scale (AIS) modification of Frankel's grading. The spinal cord abnormality seen in the magnetic resonance imaging was noted. The neurological status at the end of 2 years was recorded. Results: Twenty-seven of the 45 patients (60%) had cord oedema, 8 (17.77%) had cord contusion, 8 (17.77%) patients had a normal cord and 2 (4.44%) patients had cord swelling on the magnetic resonance image. Out of 27 patients who presented with cord oedema, 14 (31.11%) patients recovered from AIS D to AIS E and 6 (13.33%) patients did not recover and remained at AIS D. Seven (15.55%) patients who had a normal cord recovered completely to AIS E. Five (11.11%) patients who had contusion of the cord recovered up to AIS D. Conclusion: The initial neurological status correlates with magnetic resonance imaging findings. Subsequent neurological recovery is dependent on the type of cord damage and initial neurological status. The rate of recovery and the final motor outcome are inversely related to the length of cord involvement.
INTRODUCTION
Spinal cord injury without radiological abnormality is characterized by acute traumatic myelopathy despite normal plain radiographs and normal computed tomographic studies. 1 It is more common in children than in adults and represents a significant fraction of paediatric spinal cord injuries. 1 SCIWORA can also occur in adults, but is considered to be less frequent than the syndrome of acute spinal cord injury without radiographic evidence of trauma (SCIWORET), which may be associated with cervical spondylosis, ossification of posterior longitudinal ligament, spinal canal stenosis, ankylosing spondylitis, disc herniation and other degenerative conditions. 2, 3 The diagnosis can be difficult if the potential for its occurrence is not considered, as the injury is not identifiable in routine radiographs or computed tomographic scans. SCIWORET is most often caused by significant trauma and can result in serious and irreversible consequences for the patient. The most important challenge to the clinician is to recognize this syndrome as quickly as possible so that treatment can be instituted early. In the literature, there is no unified criterion to identify the patients with SCIWORET who are at risk of developing persistent neurological deficit and disabilities.
This study was undertaken to determine whether the initial neurological deficit and subsequent neurological recovery following SCIWORET of the cervical spine depend on the nature and extent of cord damage seen in magnetic resonance imaging (MRI) scan images.
MATERIALS AND METHODS
Three hundred and twenty-seven cases of cervical spinal injuries were treated at this centre between October 2005 and September 2009. Patients with (a) radiological evidence of trauma (fractures, dislocations or subluxations), (b) prevertebral soft tissue shadow of 45 mm thickness opposite C3 and 420 mm opposite C6, (c) presence of spinal cord injury at the thoracic or lumbar region and (d) pathological lesions in the spine were excluded from the study. Patients with degenerative changes were not excluded. Fifty-four cases had SCIWORET on plain radiographs or computed tomographic scans. All of them underwent MR imaging to look for neural and extraneural injury. Six patients with incomplete data and three patients who were lost to follow-up were excluded from the study. The remaining 45 patients formed the basis of this study.
The mean age at the time of injury was 40.6 years (range 16-70 years) and the male to female ratio was 8:1. The most common mechanism of injury was road traffic accident (46.7%), whereas 40% patients had a history of a fall. Eighteen patients presented within 6 h following the injury, 21 patients were admitted within 24 h, whereas the rest were seen between 24 and 48 h. reflex was considered as the initial neurological status. The neurological examination at the time of presentation and subsequent follow-up was carried out by a single assessor (MB) who did not have access to the radiological findings. The neurological status was graded according to ASIA Impairment Scale (AIS) classification and AIS motor and sensory scores according to International Standards for the Neurologic and Functional Classification of Spinal Cord Injury patients. 4 Incomplete spinal cord injuries were further categorized as central cord, Brown Sequard, anterior cord and posterior cord syndromes.
Radiological evaluation
Anteroposterior, lateral roentgenograms and computed tomography scans were performed in all cases to rule out any skeletal injuries. All patients who did not have any radiographic evidence of trauma (SCIWORET) underwent magnetic resonance imaging (0.5 T). A consultant radiologist who was blinded to clinical details reviewed all MRI data. The type of cord injury was categorized as described by Ramon et al. 5 Mid-saggital MR images were analysed for spinal cord changes and were classified as normal cord, type I pattern (cord haemorrhage), type II pattern (cord oedema), type III pattern (contusion or mixed), compression pattern and transection pattern. 5 The extent of cord damage and the extent of prevertebral hyperintensity (PVH) 3 was measured as the number of segments involved with respect to the cervical vertebrae. 6 Each vertebral body was divided into two parts: the upper half or segment 1 and the lower half or segment 2. The intervertebral disc below each vertebral body was defined as segment 3. An anatomic location was expressed as the portion of the closest vertebral body that intersected a horizontal line drawn through the lesion. For example, a lesion located at the lower half of the fifth cervical body was expressed as C5.3. Each segment location from C2 to T1 was rank ordered, which yielded 22 possible locations. 6 
Treatment
All the patients were treated non-operatively by halter traction with minimal weight for 3 weeks. Intravenous methyl prednisolone was given for 48 h. They were then immobilized in a polyethylene-moulded extended cervical collar and were taught muscle strengthening and joint mobilization exercises.
Follow-up
The neurological status was reassessed at regular intervals of 3 months. Cervical spine stress views were taken at 3 months follow-up to rule out any cervical spine instability; none of these patients had cervical spine instability. At the end of first 3 months, the patients were ambulated depending on the neurological status. Neurological recovery was recorded on the basis of the neurological level, motor and sensory scores and AIS grade at 3 months, 1 year and 2 years. The recovery rates of the motor and sensory ratios were calculated to compare the degree of improvement based on the method described by Lucas and Ducker: 7 Recovery rate ¼ motor or sensory ratio ð%Þ at follow up À initial motor or sensory ratio ð%Þ 100 À initial motor or sensory ratio (%) Â100
Statistical analysis
Statistical analysis was performed using SPSS Version 17.0 for Windows. The difference in the median recovery rate and final motor score was compared between patients with normal and abnormal spinal cords using the MannWhitney U-test. Pearson's correlation coefficient was computed to test the relationship between the length of cord changes, extent of PVH, recovery rate and final motor score.
RESULTS

Neurological status
The neurological status of the patients at admission and follow-up is depicted in Table 1 . Forty-three patients had incomplete neurological deficit, whereas two had complete neurological deficit. Out of 45 patients, 22 (48.9%) had central cord syndrome, 2 patients had complete cord injury, whereas 1 patient had a Brown-Sequard syndrome. Twenty patients had incomplete neurological deficit; however, they did not fall into any of the above neurological groups. Twenty-seven patients (60%) presented with AIS D on admission, followed by AIS C (24.4%). Only two patients presented with complete motor and sensory deficit (AIS A). As per the neurological presentation, 38 (84.4%) patients had mid-cervical segment (C3-C5) injury, whereas the upper and lower cervical spine regions were involved in 2 (4.4%) and 5 (11.1%) cases, respectively.
Neurological impairment and MRI findings MR images showed spinal cord oedema in 27 (60%) cases, whereas spinal cord contusion and normal cord were seen in 8 (17.8%) cases each. Two patients showed cord swelling, whereas no patient had cord haemorrhage or cord transection. The association between the neurological deficit and cord changes seen in MRI at the time of admission is shown in Table 2 . PVH was observed in 38 cases (84.4%) and it extended over a mean of 10.69 ± 6.4 vertebral segments. PVH associated with cord swelling, cord contusion, cord oedema and normal cord extended over 17 ± 1.4, 16.5 ± 6.09, 11.19 ± 4.19 and 1.6 ± 3.1 vertebral segments, respectively (Po0.001).
Initial neurological status and neurological recovery
The mean AIS motor scores at the time of admission, at 3 months, 1 year and 2 years follow-up are shown in Table 3 . The AIS motor score improved at each follow-up, which was statistically significant (Po0.001) (Figure 1 ). When the mean AIS motor score between different MRI groups were analyzed using analysis of variance, the differences were found to be statistically significant (Po0.001). The median AIS motor scores at the time of presentation, at 3 months, 1 year and 2 years follow-up were 62, 92, 96 and 98 respectively.
Cases with normal cords showed a mean recovery rate of 95.56 ± 12.54 at 2 years, followed by spinal cord oedema (recovery rate: 87.70 ± 21.67), cord contusion (recovery rate: 48.72 ± 42.08) and cord swelling (recovery rate: 39.42±1.68). Differences in the recovery rates between different spinal cord changes were statistically significant (Po0.05). The initial upper limb motor score showed a significant correlation with the initial lower limb motor score (Po0.001) as well as AIS score at 2 years (Po0.05) and the recovery rate (Po0.05), but showed no significant correlation with the rostral extent of cord changes.
A negative correlation was found between the length of cord changes and the recovery rate ( À0.026) as well as the final motor score ( À0.042), which was of statistical significance (Po0.05). Similarly, there was a significant negative correlation between the length of PVH and AIS at the time of presentation (Po0.001), final follow-up (Po0.001) and the rate of recovery (Po0.001).
DISCUSSION
In this study, SCIWORET accounted for 16.5% of all cervical spine injuries. This clearly indicates that it is not an uncommon cause of traumatic myelopathy in adults. [8] [9] [10] Excessive non-physiological movement of the cervical spine involving hyperextension, hyperflexion or torsion can distract or compress the cord and damage it. Although the forces generated by such motion in SCIWORET are sufficient to injure the cord, they are below the critical threshold needed to disrupt discocorporeal or discoligamentous structures and cause fractures or dislocations.
MR imaging is essential to determine the nature of injury to the cord and should be carried out in all cases of suspected SCIWORET to differentiate neurological deficit caused by extrinsic compression and those caused by haemorrhage, oedema and other forms of cord injury. 5 In a recent study, Machino et al. 3 correlated the MRI findings seen in SCIWORET with the severity of neurological deficit and surgical outcome. They divided the MRI findings into intramedullary high-signal intensity and PVH. Intramedullary high-signal intensity and PVH were found in more than 90% of their patients. The range of intramedullary high-signal intensity significantly reflected preoperative AIS and prognosis for neurological outcome. 3 In this study, spinal cord oedema was the most common (60%) change noted in patients with SCIWORET and cord contusion was encountered in 18%. This differs from observations of Tewari et al. 11 who reported a frequency of cord contusion of 32% and cord oedema in only 5%. One possible reason for this difference may be the variability in interpretation of the more subtle MRI changes in the spinal cord by different radiologists. This highlights the need for further studies evaluating intra-and interobserver agreement in the diagnosis of the spectrum of cord changes in MR images in SCIWORET.
Previous reports suggest that in the vast majority of instances SCIWORET is associated with incomplete cord injury; [11] [12] [13] we also noted incomplete cord lesions in 95% of cases with central cord syndrome in half of these patients.
The nature of cord damage appears to determine the severity of initial neurological deficit; in this study, a large proportion (44%) of patients who had AIS D neurological deficit had cord oedema, whereas patients with cord contusion had more severe neurological damage (AIS A in two patients).
The extent of recovery too appears to be related to the pattern of cord damage. 11, 14, 15 At 2 years, among those who had complete neurological recovery, a large proportion were those with no demonstrable changes in the cord on the MRI or those with cord oedema, whereas incomplete recovery was more frequently seen in patients with cord contusion.
The spatial extent of cord damage (expressed as the length of cord involved) is also clearly related to both the extent of neurological damage and the rate of recovery; this was noted both in this study and in earlier reports (Figure 2) . 16, 17 This knowledge will help the surgeon to give the patient meaningful information regarding the prognosis of SCIWORET.
In this study, PVH was observed in 84.4% patients. However, we believe that PVH is not the cause of neurological deficit but their presence signifies the injury caused to the spinal column, which is not visible in the radiographs. The presence of PVH signifies the severity of the injury to the cervical spine, whereas intramedullary high-signal intensity signifies the severity of the spinal cord injury, which is not only responsible for the initial neurological deficit but also determines the neurological outcome.
The management of SCIWORET remains controversial. Although most authors believe that significant improvement of the neurological status will occur irrespective of the nature of treatment, 13 there are those who have undertaken surgical intervention. 3, 18 In this series, we opted to treat all the patients non-operatively and the final outcome was comparable to those who treated patients with SCIWORET surgically. 3, 18 There are some limitations in this study. First, nine patients were lost to follow-up. Second, patients should have also been evaluated in terms of functional outcome, which may not correlate well with the neurological recovery. Further studies need to be carried out to correlate the AIS with functional outcome. We acknowledge that there is little evidence to justify the use of methyl prednisolone in spinal cord injuries and we have since abandoned its use. The rationale of using halter traction for a short period of time was simply to ensure rest till soft tissue healing occurred. Finally, the results of this study support earlier observations 1,3,5,11-14 that MRI changes are consistently seen in patients with SCIWORET. In the light of these observations, the continued use of the term 'SCIWORET' may be questioned.
CONCLUSION
The incidence of SCIWORET is not uncommon in adults. The initial neurological status correlates well with MR imaging findings. Patients with minimal or no cord changes on MR imaging have the best outcome followed by those who show cord oedema. Patients with cord contusions have a poor prognosis. The recovery rate and the final motor outcome are inversely related to the length of cord involvement.
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